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When the pilot plant and facilities for sanitary engineer- 
ing research were constructed the University Florida, the objective 
the research program was stated follows: practical study sewage 
disposal methods adapted the needs the smaller Florida 
utilizing, far may be, Florida materials and with reference certain 
somewhat distinctive Florida conditions" (1). The ensuing six years have 
seen little deviation from the original basic program. There has been 
undertaken, however, steadily increasing volume the more fundamental 
research work, and today this type study occupies position consid- 
erable prominence the over-all program. the purpose this paper 
describe briefly the various investigations now being conducted this 
University and present some pertinent data obtained from these studies. 

The physical facilities for sanitary engineering research include 
pilot plant (Fig. designed for flow 75,000 gallons per day and 
main sewage treatment plant (Fig. 700,000 gallons per day capacity. 
Both plants receive flow from the campus sewerage system. The sewage 
similar most respects that small city which practically void 
industry. The pilot plant contains thirty-five mutually 
units for the study primary, intermediate, and secondary treatment 
methods. high degree flexibility regard loadirg rates, type 
materials employed, and other operational characteristics obtainable 
this installation. 

The main campus plant permits complete sewage treatment means 


trickling filters and separate sludge Additional treatment 


given the chlorinated plant effluent oxidation pond designed provide 
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theoretical detention period three days. Except for the oxidation 
pond more detailed description both plants has been presented ear- 
lier publications (1) (2). 
The studies which are currently active the Laboratory may clas- 

sified one more the following headings: 

Primary sedimentation. 

Stream sanitation. 

Biological filtration. 

Sanitary microbiology. 

Biochemical oxygen demand. 

Activated sludge. 

Atmospheric pollution. 

Food processing control chlorination. 

Subsurface sewage disposal. 

Diatomite filters. 
the sections which follow brief discussion some the past accom- 


plishments and the present status the work each category given. 


Primary Sedimentation. 
The and suspended solids removal efficiency settling basins 


depends primarily upon the detention time the sewage. Among the other 


factors which influence settling efficiency are the effects temperature 


and suspended solids concentration the raw sewage, but the magnitude 


these effects not well established. Therefore, series observations 
the efficiency and solids removal the main plant 
primary settling tanks was instigated November, Integrated samples 
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the tank influent effluent were taken 2-hour intervals over the 
period 6:00 A.M. until 12:00 every fifth day, and suspended solids deter- 
minations were made the samples. The corresponding 16-hour flow, which 
was obtained from the flow charts, furnished measure for computing the 
theoretical detention period. analysis 227 temperature observations 
the inflowing sewage indicated mean temperature 79.9° which 
somewhat higher than encountered the more northern states. The stand- 
ard deviation the temperature distribution was showing little 
variation temperature occurs with the seasons. 

order study the temperature suspended solids concentration 


effects was necessary group the data according arbitrarily selected 


limits. The temperature limits were established 68-80 and 81-88° 


clusively, and the influent suspended solids concentration limits 
and 151-300 parts per million, inclusively. The data were then analyzed 
similar that Thomas (3) beeause was found that equation 


the form 


fits the data best. Here, 

settling tank efficiency, per cent 

rate constant, per minute 

ultimate removal, per cent 

theoretical 16-hour average detention time, minutes. 
Figures through show the plotted results the four groups data, 
together with the lines best fit. The upper lower curves each 
plot indicate the approximate per cent confidence limits the curve. 
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The values and for the lines best fit are shown Table 
The scatter data such that some instances the differences rates 
and ultimate removals are not significant, but trend quite evident. 

clear that increase the initial concentration suspended solids 
will produce increase the ultimate percentage removal. However, the 
rate which the upper limit removal approached appears decrease 
with increasing initial concentration. The effect temperature also fol- 
lows the anticipated pattern that increase temperature produces 
greater percentage removals solids. notable that 
case the efficiency suspended solids removal markedly increased after 
the first minutes detention. 

Further study required before definite conclusions may deducted 
from this phase work. present the tanks are being operated that 
observations may obtained for detention periods greater than 300 minutes. 
When sufficient data are available planned reinvestigate these 
analyses ami conduct parallel studies removals sedimenta- 


tion. 


Stream Sanitation. 
the general field stream sanitation efforts are being directed 


towards revising and enlarging the results earlier analysis 


the various stream basins Florida. The report divided into three 
sections each which deals with major consideration stream 
tion follows: 

general discussion water quality including the impairment 


quality resulting from use, quality specifications for particular 
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uses, and the influence self-purification streams upon their 


capacity receive dispose pollution. 


II. analysis Florida rivers with special refer- 


ence the statistical probability low water flows specified 


magnitude. 
III. summary existing data dealing with the flows and the 


major sources pollution, domestic sewage industrial wastes, 


each the major watersheds Florida." 


the stuly stream flow Florida rivers the records gauging 


stations were found sufficient length justify statistical 


analysis the data. The somewhat peculiar geological features the 


State are reflected extreme range variability among the 


Mean run-off figures were 


run-off values per square mile watershed. 


range from cubic feet per second per square mile 


drainage area. Nevertheless, the data yielded modification Hazen's 


method flood flows such that the drought flows Florida 


streams were found distributed according probability function. 


The resulting drought flow expectancies were tested determine the sta- 


tistical reliability the estimates. Using the station-year technique 


the estimates 20, 10, and year expectancies were the Hazen 


method and were compared with similar set expectancies estimated 


the Gumbel procedure. The comparisons are given Table II. evi- 


dent that for the records examined the modification for estimating 


drought flows considerably more reliable than the Gumbel method. 


study which closely related problems sanitation 


that obtaining working knowledge the rainfall characteristics 
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Florida. One recently completed phase this investigation has revealed 


the empirical existing the intensity, duration, and 
frequency occurrences heavy rainfalls five Weather Bureau stations 
the State. The rainfall records these stations covered periods rang- 
ing from years. was found that high-intensity rainfalls 
100 minutes duration may fitted with extremely high degree cor- 
relation means the following generalized equation 


t(F 


and constants depending upon the geographical location 
the rain gage 
and exponents depending upon the rainfall characteristics 
the particular group data 
the average frequency occurrence, once the selected 
years 
average rainfall inches per hour 
duration over which occurs, minutes 
mmerical value for has been selected the equation simplifies 
2-parameter, relationship common usage rainfall studies. 
The reliability the relations for estimating rainfalls rare occur- 
rence was tested comparing the estimated values with the maximm observa- 
tions obtained during the period each record. Figure illustrates the 
one station. was deducted that the derived equations are 
reliable for frequencies occurrence least rare once the number 


years record each station. 
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Work stream also being conducted the form 
survey determine the existing micro.flora and fauna Florida 
streams. The stream plankton and the organisms the river beds are receiv- 
ing most attention this study. While the bottom studies are necessity 
qualitative nature the plankton the flowing waters being investi- 
gated both quantitatively and qualitatively. the present sampling routine 
major efforts are being exerted towards surveying those streams which are 
least changed insofar added pollutants are concerned. anticipated, 
however, that the sampling schedule will enlarged include mildly 


heavily polluted streams. During the winter months just past about 125 


stream samples, mostly from the Santa and Suwannee, but including lesser 
number from the Caloosahatchee, Alafia, Peace, St. Johns, and Fenholloway 
Rivers, have been examined. the specimens the samples only algae, 
protozoa, and rotifers were counted with the last not being identified. 
Most specimens are preserved per cent formalin for later identifica- 
tion, but occasionally live ones are examined. has been noted that 
streams high organic acid content (Santa Fe, Suwannee) contain few pro- 
tozoa, and the chlorophyll containing forms are restricted minly 
flagellates, certain Cryptophyceae, few Chrysophyceae, ami diatoms. Most 
the diatoms are not normal plankters but are swept from the bottom. 
remains seen whether higher temperatures ami longer daylight hours 
with the summer months will change the plankton content the 


streams. 


Biological Filtration Sewage. 
the results some studies biological filtration have 
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appeared published form (6) (7) (8) (9), work continuing intermit- 
tent sand filters and trickling filters. Even though recognized 
fact that the sand filter longer important method large-scale 
sewage treatment, there place for this process the field wastes 
stabilization, particularly where the sewage from resorts small groups 
houses requires secondary treatment. The investigations conducted the 
Sanitary Research Laboratory have been directed part towards determina- 
tion the maximun volumetric loading rates various and the effect 
varying the intervals between loads. Some the data long-time tests 
during warm weather may seen Table III. During cold weather the beds 
tended generally clog rates somewhat less than those indicated. 
was concluded that under Florida decrease the interval 
tween loads will increase the bed capacity. Further, sands having effec- 
tive size less than 0.35 will not permit continuous loading rates 


greater than 250,000 gallons settled sewage per acre per day, regardless 


the interval between applications. 

Observations pilot plant trickling filter units are being continued 
attempts demonstrate the feasibility using certain native Florida 
mterials filter media. Among the materials being investigated are 
Chattahoochee River gravel, Brooksville limestone, and wood wastes. Table 
presents the average results obtained two the filters during the fifth 
year operation, together with corresponding data observed using conven- 
tional media. Thus far all filters have produced satisfactory effluents. 

The most promising hard material which may obtained locally Brooksville 
limestone, dense calcium carbonate having the properties shale. 
though some calcium pick-up the sewage was observed during the initial 
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phase filtration, deterioration the bed compaction disinte- 
gration has been recorded. this connection well note that the 
sodium sulphate soundness test not reliable measure media durability 
for semi-tropical conditions. The test supposed simulate the action 
freezing the media, but this condition not encountered the warm 
climates. 

new area study has recently been opened the result the de- 
velopment polyelectrolytes soil conditioners. was thought that 
such compounds may value increasing the percolation rates through 
sand beds and septic tank drain fields. The possibility also exists that 
polyelectrolytes will improve the dewatering characteristics sludge. 
Consequently, investigations into these problems are under way attempt 
determine the mode action commercially available such 
"herotil" and Figure indicates that the presence such com 
pounds fine sands affects the rate percolation. These data were 
observed laboratory-scale test using deep colum fine sand 
0.205 mm, 2.18) mixed with varying portions "Aerotil" 
containing per cent active ingredient and per cent inert material. 
is, course, impossible draw conclusions from such scanty information, 
but the results seem warrant further study the effect polyelectrolyte 


concentration percolation through inorganic soils. 


Sanitary Microbiology. 
addition the stream sanitation studies mentioned earlier this 


paper, several microbiological studies sanitary engineering significance 


are under way the Laboratory. One such study concerned with the 
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fundamental biology and ecology sewage treatment processes. initial 
phase this project dealt part with the heterotrophic bacteria encoun- 
tered intermittent sand filtration (10), but the work has been expanded 
include other bacterial forms, protozoa, and metazoa which are found 
sand beds, trickling filters, and activated sludge. evident from the 
data obtained from sand beds that the vertical distribution numbers 
general heterotrophic bacteria, coliform bacteria, streptococci 
intermittent sand filter conforms logarithmic decrease with increasing 
filter depth. The rate which this decrease occurs, however, has been 
found variable depending upon the species the organism examined. 
Pure culture work 6-inch deep sterile sand filters has permitted in- 
sight into the work done various species heterotrophic bacteria. Some 
forms show marked ability reduce the B.0.D. synthetic sewage and 
attack organic nitrogen compounds. 

known fact that the phosphorous and nitrogen constituents 
sewage effluents provide powerful fertilization when introduced into re- 
ceiving stream. Numerous attempts have been made utilize these growth- 
promoting substances culturing microscopic plants the effluents. The 
plants turn may harvested ami used enrich food for domestic animals 
and should contain high vitamin and protein content. However, most the 
investigators have used Chlorella, extremely small alga, ami have 
enced harvesting difficulties. Parallel work the Laboratory aims 


utilizing larger and more easily harvested algae. Current study this 


problem involves pure culture work under artificial light. planned 


enlarge this work plant scale operations the campus plant 


tion pond where the effects diurnal light alone may observed. 
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problem some concern most areas bordering sea coasts that 
marine blooms, exemplified the so-called "red tide." The coastal 
waters Florida have been affected irregular intervals the occur- 
rence sudden tremendous reproductive periods the dinoflagellate Gym- 
nodinium brevis which create large fish kills. These outbreaks have resulted 
considerable economic losses the tourist fishing industries the 
State. Since there present little the causes this 
bloom, effort being made the Laboratory cooperation with the 
Fish and Wild Life Service determine the trigger mechanism whereby 
bloom started. Routine sampling being conducted the Naples- 
Hillsborough Bay area search for areas endemic occurrences. Thus 
far, few the causative organisms have been found inshore waters, but 
once such area discovered laboratory culture and study will at- 
tempted. date brevis has been located three times. Samples from one 
minor bloom discovered ten miles offshore from Naples were found contain 
organisms per milliliter, and counts 0.25 per milliliter have been 
observed twice inshore waters. 

The study marine blooms may considered specialized phase 
general survey of-the quantity and quality the micro flora and fauna 
found the inshore and brackish waters coastal Florida. This survey 


expected reveal information the following: (1) 


the richness plankton inshore waters with the paucity offshore 
waters; (2) the effects materials contributed especially 
areas receiving drainage from heavily populated areas industrial wastes; 
and (3) indication the nature food overlying shellfish grounds. 
The last factor should reveal information which can compared with 
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conditions other shellfish areas such Long Island and Chesapeake 


Bay, and are significant differences they should brought 


Biochemical Oxygen Demand. 
During recent years there has been considerable discussion the short- 


the test, and several investigations have been undertaken 
attempts improve the reliability the test well reduce its 
deficiencies. Two the projects the Laboratory are concerned with (1) 
the development rapid method for estimating the sewage and 
(2) the formulation reproducible synthetic sewage which has the charac- 
teristics natural domestic sewage. The former project consists ef- 
forts reduce the time the determination from the conventional five days 
1-2 hours. The basis this work depends upon successful correlation 
the dilution method. Initially, the rate oxygen utilization 
activated sludge acting the sewage was used basis for calibration, 
but was fourd that sludge uniform activity was difficult establish. 
This procedure was discarded favor massive doses heterotrophic 


bacterium, Flavobacterium aguatile, which capable oxidizing 


drates with gas formation. standard number organisms intro- 
duced into the sewage, has been found that relationship 
exists between the rate oxygen uptake the oxygen demand measured 
the five-day dilution test (Fig. 9). Further being umertaken 
determine the effects variations the initial concentration seed. 
The second project this category consists attempt develop 


reproducible synthetic mixture which duplicates closely practicable 
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the characteristics natural domestic sewage. felt that the develop- 
ment satisfactory mixture this nature will permit more precise eval- 
uation the effects toxic materials the test. Further, the 
effects temperature, concentration, and other factors may examined 
greater detail with mixture Table lists the 
constituents employed for one trial mixture. This particular formulation 

was found have measurable 20° ultimate demand and 
unimolecular rate constant 0.16 per day. The theoretical this 
mixture 5190 This investigation will involve replicate determina- 
tions the mixture using various seeds order determine the degree 


reproducibility the biochemical reaction various temperatures. 


High-Rate Activated Sludge. 
During the last two years extensive studies have been 


Infilco Aero-Accelator pilot plant dimensions. That portion the work 
the use waste sludge from water softening plants for 

treatment has been reported earlier paper (11). subsequent 
the treatment unit has been operated using the so-called high-rate activated 


sludge principle wherein the raw, unsettled sewage was subjected aeration 


periods less than 3.8 hours. Table presents the summary results 


obtainable this process. Average removals per cent were 
observed with the degree stabilization dependent upon the strength the 
raw sewage, the detention period, and the concentration mixed liquor solids. 
Aerobic comitions were maintained supplying air the aeration chamber 


rates varying from 0.32 0.87 cu. ft. per gale sewage. evident 
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that uses for this treatment unit may found where degree treatment 
between that obtained intermediate and secondary processes desirable. 


Atmospheric Pollution. 
Studies this field are being pursued order measure quantita- 


tively and qualitatively the concentrations gaseous fluorine sulfur 
contaminants the atmosphere various locations Florida. The measure- 
ments should correlatable with certain aspects public health and agri- 
culture the State. observations will taken concurrently 
and coordinated with the quantitative measurements determine the effects 
atmospherics the dispersion industrial contaminants. Since this 
project relatively new, field observations are available for inclusion 


this report. 


Food Processing Control Chlorination. 


One industry which has attained position considerable importance 
Florida that processing frozen breaded shrimp. some respects 
the shrimp industry presents problems public health significance similar 
those found the shellfish industry. The Laboratory has been 
one particular field study which attempted examine the effective- 
ness bacterial control attained chlorinating the wash water used 
the processing operations. The wash water used all operations from the 
raw product the final packaged shrimp was dosed with p.p.m. chlorine. 
series observations using 37° violet red bile showed average coli- 


form count 380 bacteria per gram raw shrimp against 750 the 


finished, packaged shrimp. Total bacterial counts were also obtained using 
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20° tryptose agar. The average total count found the raw shrimp was 
per gram shrimp, and the final product the count was 104, 


Although trend towards increasing numbers apparent, analysis the 


results indicated that the increases were not significant above the per 


cent confidence level. From these data may inferred that there was 


significant improvement the bacterial quality the shrimp following wash- 


ing chlorinated water. However, additional data are necessary estab- 


lish this fact. 


Subsurface Sewage Disposal. 
About two-thirds the homes now being built Florida are served 


the septic tank--tile field method sewage treatment and disposal. 


large number the installations have operated unsatisfactorily because 


high ground-water tables and poor subsoil conditions are encountered many 


the building sites. this situation the Laboratory has made 


comprehensive studies effort develop rational design criteria for 


sewage absorption fields. 


Results the studies indicate soil should explored 
depths least five ten feet where this method sewage disposal 


used, and that the minimm depth the water table during the wettest 


season the year should not less than three four feet areas where 


subsurface disposal practiced. The findings also indicate that certain 


large areas are unsuitable realty subdivisions until unless central 


water supplies and sewage systems are provided. Criteria have been devel- 


oped for determining which areas are suitable for absorption fields. The 


determination requires percolation tests after thorough saturation the 
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soil, and proper evaluation the subsoil conditions the depths indi- 
cated above (13, 


Diatomite Filters. 


the request the Florida State Board Health the Laboratory has 
undertaken series continuing studies the operating characteristics 
and diatomite filters. The results date have indicated 
that some makes diatomite filters for swimming pools may accepted 


the same basis which used for approving rapid sand pressure filters. 
Further, diatomite filters are satisfactory for the emergency treatment 


municipal water supplies, but they are entirely unsatisfactory for the fil- 


tration effluents from secondary sewage treatment processes. Even for 
swimming pools, however, sand filters are still preferred most per- 
manent installations where adequate space available. Work now progres- 
sing evaluation various types filter aids used this type 
water filtration (15, 16). 


Other Studies. 


Although majority the work under way the Laboratory 
briefly presented this paper, there are other investigations which 
should mentioned. Continuing studies are being conducted sludge diges- 
tion and sludge drying beds attempts reduce the design and operating 
criteria applicable these units. Further, comprehensive studies in- 
dustrial wastes specialized nature are being undertaken. Typical 
these the work being done citrus canning and processing wastes co- 
operation with the Florida State Board Health. 
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TABLE 
Comparison One Year's Operating Data 
Different Trickling Filter Media 


Blast Furnace Wood 
Media Slag Limestone 


Surface area, sq. ft. 
Depth, ft. 
Stone size, in. 
Applied sewage, ppm 152 
Volumetric loadings, m.g.a.d. 2.76 
removed, per cent 
removed, yd. /day 0.218 


One-half the filter filled with blocks random length 
and one-half filled with wood laths placed that each layer 
laid normal the layer above below it. 
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TABLE 


Ingredients Synthetic Sewage Mixture 


Iten 


Peptone 
Dextrose 

Urea 


Amount, grams per liter 
4.0 
1.0 
1.0 
2.0 
1.0 
0.05 
0.05 
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280 


240 


200 


120 


Average Time, Minutes 
Concentration 151-300 p.p.m., Temperature 
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° 
@ 
4 
a 
© 
uJ 
ay 
= 
| 


| 3 a 
af 
oOo 
7 
J 
° 


